Biologies: Targets and Therapy Dovepress 

open access to scientific and medical research 

Q Open Access Full Text Article R E V I E W 

Porcine dermis implants in soft-tissue 
reconstruction: current status 



This article was published in the following Dove Press journal: 
Biologies: Targets and Therapy 
10 March 2014 

Number of times this article has been viewed 



Neil J Smart 1 
Nicholas Bryan 2 
John A Hunt 2 
Ian R Daniels' 

'Exeter Surgical Health Services 
Research Unit, Royal Devon and 
Exeter Hospital, Exeter, UK; 2 Clinical 
Engineering (UKCTE).The Institute 
of Ageing and Chronic Disease, 
University of Liverpool, Liverpool, UK 



Abstract: Soft-tissue reconstruction for a variety of surgical conditions, such as abdominal 
wall hernia or pelvic organ prolapse, remains a challenge. There are numerous meshes available 
that may be simply categorized as either synthetic or biologic. Within biologic meshes, porcine 
dermal meshes have come to dominate the market. This review examines the current evidence for 
their use and the limitations of knowledge. Although there is increasing evidence to support their 
safety, long-term follow-up studies that support their efficacy are lacking. Numerous clinical 
trials that remain ongoing may help elucidate their precise role in soft-tissue reconstruction. 
Keywords: hernia, mesh, xenograft, biologic 

Introduction 

If we could artificially produce tissues of the density and toughness of fascia and tendon 
the secret of the radical cure of hernia would be discovered. [Theodor Billroth, 1878] 1 

It is over 130 years since Theodor Billroth, then professor of surgery at the 
University of Vienna, set out the challenge of soft-tissue reinforcement in a letter to 
one of his pupils. Since that time, both scientists and clinicians have endeavored to 
find a solution to a problem that remains one of the most challenging in the whole 
field of surgery. Soft-tissue defects of the abdominal and pelvic cavities, either primary 
(eg, inguinal hernia) or secondary (eg, incisional/ventral hernia), were traditionally 
repaired with sutures. The high rates of defect recurrence reported were unacceptable 
to both patients and surgeons. Early attempts at soft-tissue reinforcement were directed 
at hernia repair and utilized meshes made from a variety of metals, including silver, 
tantalum, and stainless steel. All metallic meshes ultimately failed due to a combina- 
tion of metal fatigue, erosion, bowel fistulation, and in the era before antibiotic avail- 
ability, chronic infection. It was not until the seminal work of the American surgeon 
Francis Usher in the 1950s and 1960s that the modern era of soft-tissue reinforcement 
commenced. 1 
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Limitations of synthetic meshes 

The desirable characteristics of a prosthetic material suitable for soft-tissue reinforcement 
have been refined over the past 50 years and are now clearly defined in guidelines from the 
European Hernia Society. 2 The fact that there are over 200 commercially available meshes 
on the worldwide market is an emphatic declaration that we do not yet have the "perfect" 
prosthetic material in our armamentarium. Bringing a degree of order and classification 
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to this bewildering array of meshes is an imperative. Although 
several classification systems based on an array of mesh char- 
acteristics exist, there is no universally agreed standardized 
system. The easiest approach is a dichotomous division into 
synthetic (derived from manufactured chemicals) or biologic 
(either allograft or xenograft) meshes. 

Synthetic meshes have been used in soft-tissue reinforce- 
ment for over 50 years, in a wide array of clinical applica- 
tions across a number of surgical specialties, from hernias 
of the abdominal wall to pelvic organ prolapse surgery. In 
many instances, such as inguinal hernia repair, their use has 
become the gold standard of care. They are not, however, 
without their adverse effects, such as chronic pain, foreign 
body sensation, and chronic infection. It is the poor outcome 
in terms of complications associated with the use of synthetic 
meshes in clean-contaminated or contaminated fields that has 
elicited caution about their use in such situations. 3 4 Biologic 
prostheses derived from alio- or xenogeneic tissues have been 
proposed as a safer alternative to synthetics. 

Biologic meshes 

Biologic meshes were introduced in the 1990s and may be 
derived from human (allograft) or animal (xenograft; usually 
porcine or bovine) tissues. Dermis is the commonest tissue 
used because of the size of mesh that can be manufactured, 
but prostheses derived from intestinal submucosa and peri- 
cardium are also available. All biologic meshes essentially 
provide an extracellular scaffold necessary for the reconstruc- 
tion of healthy tissue by allowing mass transport via ingrowth 
of new blood vessels and infiltration of native stromal cells 
including fibroblasts and myocytes that ultimately result in 
deposition of new extracellular matrix. 

Allografts were the first biologic mesh type to be intro- 
duced in North America, initially dominating both the market 



and medical literature, but they were not available in the 
European Union due to regulatory restrictions. Consequently, 
xenografts were introduced because there was a more readily 
available source. This made xenografts cheaper to manufac- 
ture, and the subsequent lower costs and fewer regulatory 
restrictions meant that xenografts generally, and porcine 
dermis particularly, have come to dominate the market and 
medical literature worldwide over the last decade. 

Porcine dermal prostheses are manufactured by tissue 
harvesting followed by a variety of proprietary decellular- 
ization and delipidation techniques. This leaves behind the 
three-dimensional collagen structure and constituent elastin 
fibers, which may then undergo further proprietary processing 
steps, such as supplemental cross-linking or removal of 
epitopes with alpha-galactosidase. Implants then undergo 
a terminal sterilization process. The differences between 
commonly available porcine dermal meshes are summarized 
in Table 1. 

The cross-linking debate 

Collagen is the predominant molecule present in porcine 
dermal meshes, since it is the major extracellular component 
of connective tissues. There are naturally occurring covalent 
cross-links both within and between the triple-helical poly- 
peptide chain structure of collagen. These cross-links are 
formed by either an enzymatic pathway, which is catalyzed 
by lysyl oxidase, or by nonenzymatic processes (eg, radia- 
tion). Natural cross-links therefore exist in native collagen 
and function to stabilize the structure of the collagen protein, 
providing mechanical strength and protection from collage- 
nase. 5 - 6 In this respect, all porcine dermal meshes are natu- 
rally cross-linked. Some porcine dermal meshes undergo an 
additional chemical processing step to deliberately increase 
the amount of collagen cross-links, sometimes referred to as 



Table I Overview of the most commonly used and available porcine dermal meshes 



Porcine dermis mesh 


Manufacturer 


Cross-linking 


Sterilization 


Size/thickness 


Cross-linked 










Collamend™ 


Bard, Covington, GA, USA 


Cross-linked collagen 


Ethylene oxide 


Size: 20.3 x 25.4 cm 






and elastin (EDAC) 


residuals 




Permacol™ 


Covidien, New Haven, 


Chemically cross-linked 


Gamma irradiation 


Size: 28 x 40 cm 




CT, USA 


(diisocyanate) 




Thickness: 0.5, 1, and 1.5 mm 


Non-cross-linked 










InteXen™ 


AMS, Minnetonka, MN, USA 


No 


Ethylene oxide 




Strattice™ 


LifeCell Corporation, 


No 


E-beam 


Size: 20 x 20 cm 




Bridgewater, NJ, USA 








XCM 


Synthes, West Chester, 


No 


Proprietary Optrix 


Size: 20 x 30 cm 




PA, USA 




processing 


Thickness: 1 .5+0.3 mm 


XenMatrix™ 


Bard, Covington, GA, USA 


No 


E-beam 


Size: 19 x 35.5 cm 
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supplemental cross-linking. The role of cross-linking and the 
agents used have been reviewed in detail previously. 7 

The hypothesis that underpins the cross-linking debate is 
that supplemental cross-linking imparts a degree of resistance 
to collagenase activity, leading to retention of tensile strength 
after repetitive loading or a period of enzymatic (collagenase) 
degradation. 8 9 This is of paramount importance in contami- 
nated or infected fields, a situation in which porcine dermal 
meshes are advocated to be used in preference to synthetic 
meshes and in which they will be subjected to an increased 
level of collagenase produced by resident microorganisms in 
addition to activated leukocytes. The enhanced durability of 
cross-linked porcine dermal implants is purported to result 
in better clinical outcomes for hernia repair. 10 

Animal models have been used extensively to assess 
implantable materials generally and prostheses for soft-tissue 
reinforcement in particular, despite significant limitations. 2 
A recent systematic review of biologic meshes in animal 
studies concluded that supplemental cross-linking of collagen 
in tissue-based implants did not adversely affect the strength 
of the implant or its ability to support long-term ingrowth of 
native tissue. 11 The limitations of animal models have, how- 
ever, been clearly exposed recently by the comparison of the 
same two porcine dermal meshes, Permacol™ (supplemental 
cross-linked; Covidien, New Haven, CT, USA) and Strat- 
tice™ (non-supplemental cross-linked; LifeCell Corporation, 
Bridgewater, NJ, USA), in different animal models, with 
startlingly differing results. 1213 Therefore, the extrapolation 
of results from animal data to the clinical context should be 
performed with caution. The choice of porcine dermal mesh 
by the surgeon should be based on the evidence available 
from clinical studies pertinent to the context in which it is 
being used. 

Incisional hernia/abdominal 
wall reconstruction 

Incisional hernias develop at the site of a surgical incision 
made to gain access to the abdominal cavity and where the 
abdominal wall failed to heal. Every surgical incision to the 
abdomen carries risk of hernia development, and estimates 
of incidence in the literature vary, with rates up to 30% 
reported. 14 Most of these hernias enlarge over time, and the 
associated morbidity frequently leads to surgical correction. 
Recurrence rates are time dependent and increase with suc- 
cessive attempts at repair. 15 16 It has been estimated that, each 
year, approximately 300,000 incisional hernias are repaired 
in Europe and 400,000 in the USA. 17 The issue is that inci- 
sional hernias vary significantly in their size, complexity 



(domain/tissue loss, hernia content, infected or contaminated 
field), and range of patients in which they occur (degree of 
comorbidity). 

The high cost of porcine dermal meshes compared to 
synthetic meshes means that their use in clean, simple cases 
cannot be justified. 18 The Ventral Hernia Working Group 
made recommendations as to when to consider biologic 
mesh use. 19 This simplified approach to classification of the 
complexity of hernia repair has enabled crude comparisons 
between reports of biologic mesh use, but ultimately did 
not address the thorny issue of what individual surgeons 
mean by use of the term "complex abdominal wall repair/ 
reconstruction." A recent international consensus document 
may help address that in future, but it remains unused so far. 20 
Similarly, the variability in outcome measure reporting that 
bedevils any comparison of the literature in this field has been 
addressed by another international consensus paper, but the 
recommendations have yet to find widespread adoption in 
the literature. 21 Despite the plethora of recommendations and 
guidelines, there remains no consensus about when to use 
biologic materials in abdominal wall reconstruction among 
practicing surgeons in the USA. 22 

Numerous systematic reviews have been published on 
the use of biologic mesh in incisional hernia repair. Unfortu- 
nately, all biologic meshes have been grouped together, and 
the majority of the included data pertain to allografts. Many 
authors have questioned the conclusion that biologic meshes 
should form part of the surgical armamentarium, since the 
claim is not substantiated when subjected to scrutiny. 23-25 
Allografts are known to have high recurrence rates even in 
clean fields, and up to 100% in contaminated or infected 
fields, and their inclusion in the reviews has undoubtedly 
added bias. 26,27 Studies comparing clinical outcomes for 
human and porcine dermal meshes are sparse, but report 
lower recurrence rates with porcine-derived products due to 
lower elastin content. 28 Reviews specific to porcine dermal 
meshes are lacking, although some have reported outcomes 
for individual mesh brands, one review has suggested that 
cross-linked porcine dermal meshes have lower recurrence 
rates, particularly in infected or contaminated fields. 29 The 
literature on porcine dermal mesh use in incisional hernia 
repair remains poor quality, having been dominated by 
single-institution retrospective case series until recently, 
and often in clean cases. 

The Repair of Infected or Contaminated Hernias (RICH) 
study was the first to use a prospective, multicenter, single- 
arm trial design, and Strattice was used as the porcine dermal 
mesh of choice. 30 Eighty patients had an open incisional 
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hernia repair, with none carried out clean cases. The recur- 
rence rate reported at 2 years was 28%. 30 The importance 
of surgical technique was also alluded to in this trial, with 
recurrence rates much lower for those with fascial closure 
compared with those without (23% versus 44%). Further- 
more, mesh position in the abdominal wall may have played 
a role, with those undergoing retrorectus (beneath the rectus 
abdominis muscle) mesh placement having lower recurrence 
rates at 1 year despite significantly larger defects than in 
those patients with intraperitoneal mesh placement (10% 
versus 30%). 31 Recent data from the Danish Hernia Data- 
base, a national population registry covering all mesh types, 
confirms that reoperation rates are lowest for the retrorectus 
mesh position (Figures 1 and 2). 32 

Numerous other single-institution series have followed the 
RICH study, most notably that of Rosen et al, who published 
their 5-year experience of abdominal wall reconstruction 
with biologic mesh. 33 Of the 128 patients in their series, 102 
were repaired with Strattice. Recurrence rates of 50% at 
3-year follow-up were reported. Other series reported rates 
of recurrence varying from 0%-43% at median follow-ups 




Figure I Retrorectus placement of porcine dermal mesh (Permacol™; Covidien, 
New Haven, CT, USA) in abdominal wall reconstruction for recurrent incisional hernia 
repair. 



Notes: The anterior rectus sheath is being approximated with interrupted 
polypropylene sutures. 




Figure 2 Underlay placement of porcine dermal mesh (Strattice™; LifeCell 
Corporation, Bridgewater, NJ, USA) in abdominal wall reconstruction for incisional 
hernia repair in a patient with a previous stoma. Reproduced from Guerra O, Maclin 
MM. Non-crosslinked porcine-derived acellular dermal matrix for the management 
of complex ventral abdominal wall hernias: a report of 45 cases. Hernia. Epub 201 3 
Aug I0. 3! 

of less than 18 months and with considerable heterogeneity 
in terms of Ventral Hernia Working Group grade and surgi- 
cal technique. 34-36 

Similar retrospective series have been published relating 
to the use of Permacol. The largest cohort is a multicenter 
study from 14 Kaiser Permanente hospitals with a prospec- 
tive registry of hernia repairs. The group studied were again 
heterogeneous, but, of the 166 ventral hernias, the recurrence 
rate was 12% at a mean follow-up of just over 2 years, despite 
fascial closure being achieved in approximately one-half of 
patients. 37 Superficially, this may seem much better than the 
data for Strattice, but recent data from the Mayo Clinic urge 
a note of caution, with a 66% recurrence rate noted with 
5 years' follow-up, albeit with a preponderance of bridge 
repairs being utilized. 38 

Two small retrospective series with median follow-ups of 
7 and 40 months have reported recurrence rates of 4.5% and 
7.9%, respectively, with use of XenMatrix™ (Bard, Coving- 
ton, GA, USA). 39,40 The majority of patients in both series 
had clean wounds. No new papers on the use of Collamend™ 
(Bard) have been published since a previous review by mem- 
bers of our group. 29 No clinical data on incisional hernia have 
been published for either InteXen™ (AMS, Minnetonka, MN, 
USA) or XCM™ (Synthes, West Chester, PA, USA). 

High-quality prospective studies are still required to eluci- 
date the precise role of porcine dermal meshes in abdominal 
wall incisional hernias. It is hoped that the new standardized 
definitions described above may help surgeons decide exactly 
which mesh to use in these challenging cases. Ongoing 
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trials registered at clinicaltrials.gov seek to compare porcine 
dermal meshes in ventral hernia repair against a range of 
alternative surgical options, including: human dermis mesh 
(NCT01987700); synthetic mesh (NCTO 17463 16); suture 
repair in infected fields (NCTO 1 594450); and bioabsorbable 
meshes (NCT01794338). 41-44 Further multicenter series, 
both retrospective and prospective, are also due to report on 
porcine dermal mesh performance in incisional hernia repair 
(NCT01268514, NCT01214252). 45 - 46 Most intriguingly, 
however, is the prospect of histopathologic evaluation of 
explanted biologic meshes (NCT00484887) 47 from humans, 
which is confined to the occasional case report thus far. 

Stomal hernia 

Parastomal hernia is a condition that is highly dependent on 
the surgical technique employed for repair for the prevention 
of recurrence. 48 No head-to-head studies have compared mesh 
types in the context of repair, and the role of porcine dermal 
meshes has been confined to case series. 3749 ' 50 One small 
randomized trial has demonstrated the efficacy of porcine 
dermal meshes for the prevention of parastomal hernias, 51 but, 
in general, the infective complications with synthetic mesh in 
this context have been low. 52 Since the optimal mesh and site 
of placement for parastomal hernia prophylaxis have not yet 
been determined, there are many ongoing randomized trials, 
including with porcine dermal mesh (NCT00771407). 53 

The incidence of incisional hernia at the site of a previous 
stoma may be as high as 30%, with up to one-half of patients 
with a hernia requiring surgical repair. 54 Prophylactic mesh 
placement at the time of stoma closure represents an infec- 
tion risk, since the bowel would have been open at the site. 
Only one small case series has demonstrated the feasibility 
and safety of porcine dermal mesh placement at the time of 
stoma closure. 55 A prospective randomized trial comparing 
the use of a prophylactic porcine dermal mesh to suture repair 
is ongoing (ISRCTN46330337). 

Perineal reconstruction following 
extralevator (EL) abdominoperineal 
excision (APE) 

In the original description of APE for rectal cancer, the Eng- 
lish surgeon W Ernest Miles described wide excision of the 
levator musculature at their origins on the pelvic sidewall. 56 
This aspect of the technique has been overlooked by some 
surgeons who failed to appreciate the differences between the 
planes of dissection for anterior resection and APE and often 
leads to a surgical specimen narrowed at the level of the levator 
to create a "waist". This waist on the specimen increases the 



risk of tumor perforation and involved circumferential resec- 
tion margin. The importance of a return to Miles' technique 
of removal of the levators has been emphasized recently by 
Holm et al and the procedure rebranded as an "extralevator 
APE" or "ELAPE". 57 The problem is that perineal wound 
breakdown following conventional APE occurs in 35%-65% 
of patients, and rates of delayed healing at 6 months range 
from 1 7%-26%. 58 ELAPE produces a large defect at the level 
of the pelvic floor, leaving only the ischioanal fat and skin to 
close the perineal wound. The optimal technique for closing 
the perineal defect is unknown, but a recent systematic review 
suggested that there was no difference in outcome between 
tissue flaps and biologic mesh. 58 Most of the biologic mesh 
studies have used porcine dermis meshes (Permacol). 

Two recent series have added further support to the use of 
porcine dermal meshes for perineal reconstruction, with low 
rates of perineal herniation and acceptable rates of complica- 
tions consistent with previous studies (Figure 3). 58-60 In the era 
of laparoscopic surgery, the routine use of rectus abdominis 
flaps seems counterintuitive and is likely to lead to longer-term 
abdominal wall problems. The acceptable outcomes associ- 
ated with porcine dermal meshes offer an alternative solution, 




Figure 3 Perineal reconstruction with porcine dermal mesh (Permacol™; Covidien, 
New Haven, CT, USA) following extralevator abdominoperineal excision for low rectal 
cancer. 



Notes: The porcine dermal mesh has been sutured to the divided edges of the 
levators laterally and to the presacral fascia posteriorly. Anteriorly, the mesh is 
folded to form a "U" shape that abuts the posterior wall of the vagina in females and 
the prostate in males. 
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particularly if associated with cost savings due to shorter 
operating times, no need for plastic surgical input, and a reduc- 
tion in hospital length of stay. 61 Further randomized trials (such 
as NCT01670851 andNCT01927497) 62,63 may help surgeons 
decide on the optimum reconstructive technique but may offer 
no insight into the choice of porcine dermal mesh. What has 
puzzled many commentators is that, while bridging of defects 
in abdominal wall reconstruction has been demonstrated to lead 
to high rates of recurrence, in pelvic floor reconstruction fol- 
lowing ELAPE, the defect is bridged out of necessity because 
of the loss of domain (levators), and yet similarly high rates of 
perineal herniation have not been observed. Admittedly, follow- 
up in most of the ELAPE series is short and the true long-term 
perineal herniation rate remains unknown. 

Laparoscopic ventral 
mesh rectopexy (VMR) 

Laparoscopic VMR is a surgical option for internal and 
external rectal prolapse with low perioperative morbidity 
and low recurrence rates. Since the original description by 
D'Hoore et al, 64 it has become a favored approach in Europe. 
Use of synthetic mesh in the pelvis may be associated with 
complications such as fistulation, erosion, and dyspareunia, 
and this was highlighted by a US Food and Drug Adminis- 
tration warning in 20 1 1 relating to transvaginal mesh place- 
ment. It has been suggested that porcine dermal meshes 
may avoid these complications, but the long-term outcome 
is uncertain, and debate continues as to which type of mesh 
is optimal. A recent systematic review demonstrated that 
biologic meshes were as effective as synthetic meshes for 
laparoscopic VMR and that reported complication rates were 
low for both, although duration of follow-up was noted to be 
short. 65 Erosion rates for both types of mesh appear to be time 
dependent, and recent experience from an expert center in 
the management of such complications has been reported. 66 
Unfortunately, it has not been possible to determine the 
denominator in such series due to the tertiary referral nature 
of the work. Extrapolation of data from gynecological pelvic 
organ prolapse surgery may not be directly translatable due 
to differences in implantation techniques, but substantially 
lower rates of vaginal erosion occurred with biologic mesh 
than with synthetic mesh (1.6% versus 6%). 67 

Future perspectives 

Surgeons continue to face the challenge of soft-tissue 
reconstruction with an increasing armamentarium of 
prosthetics. How are they to choose which one to use? Some 
of the randomized trials mentioned above may provide some 



answers, but many trials (usually negative) are never published 
and therefore lead to bias in the literature. Furthermore, the 
trials needed to provide some of the answers would be large, 
complex to run, expensive, and risky for the device manufac- 
turers. They are, essentially, unlikely ever to happen. Registry 
data may be an alternative source, but rely on meticulous data 
collection. Despite numerous attempts, the European Hernia 
Society has struggled to persuade surgeons to use its EuraHS 
database, which is similar to other voluntary schemes. Manda- 
tory national databases, often associated with Scandinavian 
countries, can provide a rich source of data for common 
conditions, but they do not have the population size to provide 
the data on the plethora of meshes in existence, nor factor in 
which of the several outcomes (recurrence, reoperation rates, 
complications, quality of life, economic analyses) should be 
measured. The uncertainty regarding which mesh to use may 
be with us for some time. 

One alternative solution may come from basic scientists 
rather than clinicians. Many have posed the question of 
whether it is reasonable to assume that one mesh will suffice 
for one clinical condition when patients are heterogeneous. 
The interaction between a material and a tissue is not bio- 
logically inanimate. Despite a material being mechanically 
appropriate to restore function in a particular tissue, this 
provides only a starting point for assessing long-term suit- 
ability as a material for reinforcement. After implantation, 
during the following hours to years, the body will attempt 
to use the material as a conduit to tissue regeneration, which 
may require its remodeling, cell infiltration, or removal. This 
process is unique to each individual and is governed by a wide 
array of factors, but, ultimately, the successful integration of 
a mesh requires a balance between the positive and negative 
components of the inflammatory response. 

The first cells that interrogate the mesh are neutrophils, 
and their activation results in the release of reactive oxygen 
species, which can be measured in vitro. Bryan et al have 
measured neutrophil activation for a range of synthetic and 
biologic meshes 68,69 and correlated degree of neutrophil acti- 
vation to mesh performance in vivo using animal models. 70,71 
This raises the possibility of personalized implant choice in 
order to optimize outcome. Prospective trials of such tech- 
niques in humans are required, and may facilitate optimal 
use of the meshes that we have at our disposal. 

Conclusion 

We have not yet acquired a prosthetic that answers Billroth 's 
challenge of soft-tissue reinforcement set out over 130 years 
ago. Porcine dermal meshes have an increasing evidence 
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base regarding their safety, particularly in contaminated or 
infected fields, but long-term data to support their efficacy 
are still lacking in many instances and there are no clinical 
data that categorically support the use of one porcine dermal 
mesh over another. 
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